Clinical and electrographic data were reviewed on 2 of our patients with orbitofrontal epilepsy who were seizure free at 5-year follow-up, and on 2 similar patients from the literature. One of our patients was lesional, and the other was nonlesional. Interictal EEG discharges were lateralized to the side of invasively recorded orbitofrontal seizures in the nonlesional case.
Introduction
There are only rare reports of orbitofrontal epilepsy documented with long-term seizure-free postoperative follow-up [1, 2] . Seizures of orbitofrontal origin have been difficult to identify electrographically and clinically. Interictally, synchronous bifrontal [3] or lateralized frontal epileptiform discharges have been associated with orbitofrontal epilepsy foci [1, 2] , but no consistent pattern has been demonstrated. One report described ipsilateral in-terictal orbitofrontal epileptiform discharges using noninvasive supraorbital electrodes in a case subsequently proven to have an orbitofrontal focus with subdural recordings [1] . Also, the clinical manifestations of complex partial seizures of orbitofrontal origin have not been well defined because of the limited number of documented seizure-free cases [2, 4] .
The primary purpose of this retrospective study and literature review was to determine if there are electrographic or clinical features that more clearly define orbitofrontal seizures.
Materials and Methods
Between 1993 and 1997, 5 patients with resections limited to the orbitofrontal cortex were identified in the series of surgical resections for intractable epilepsy at the Medical College of Georgia, Augusta, Ga., USA, and the University of Ludwig Maximilians, Munich, Germany. Ages ranged from 24 to 42 years (median age, 30 years). The median duration of epilepsy was 24 years (range, 8-39 years).
All patients were evaluated with history and neurologic exam, neuropsychological testing (including Wada testing), and noninvasive video/EEG monitoring (including sphenoidal electrodes) [5] . MRI was performed on all patients. Ictal single photon emission computed tomography was performed in 1 case [6] . Magnetic source imaging was performed in 2 cases [7] . One patient underwent photon emission tomography scanning [8] . All electrographic data underwent initial evaluation by an epileptologist and subsequently by the epilepsy surgery team including both epileptologists and the epilepsy surgeon. The results of neuropsychological evaluation and Wada testing were initially reviewed by the neuropsychologist and then the epilepsy surgery team. MRI studies were reviewed by neuroradiology and independently by the epilepsy surgery team.
Patients undergoing invasive monitoring were implanted with either stereotactic depth [9] or subdural grid/strip electrodes [10, 11] . In all cases, at least 3 of the patient's habitual seizures were recorded with continuous video/EEG monitoring.
Intraoperative electrocorticography was performed in 4 cases. Three patients underwent intraoperative language stimulation mapping. All resections involved a combination of subpial dissection/ aspiration and en bloc resection [5] . Resections were classified as complete (or incomplete) based upon the extent of resection of the lesion, or the extent of resection of the ictal and interictal electrographic seizure focus. All resections were confined to and involved varying portions of the orbital surface of one frontal lobe.
Outcomes were classified using a slight modification of Engel's [12] criteria: seizure free (class I), rare or less than 3 seizures per year (class II), greater than 90% decease in seizure frequency (class III), and less than 90% decrease in seizures (class IV). Five-year follow-up data were available in all cases. Two patients had class I outcomes and underwent further analysis. For this analysis, we reviewed video/ EEG recordings of our 2 patients and case descriptions of the 2 patients from the literature.
Results

Electrographic Studies
Of the 2 patients who were seizure free, 1 was lesional and 1 was nonlesional. The nonlesional case had interictal epileptiform discharges limited to the frontal convexity (F3), ipsilateral to the stereotactic depth electrode recorded focus. The implant is illustrated in figure 1 , and the seizure recording is shown in figure 2 . This electrodecremental seizure was identified independently by 2 epileptologists at the time of invasive monitoring. It should be noted that no clinical manifestations occurred until the ictal activity, which began in the left posterior orbitofrontal region, had spread to the contralateral orbitofrontal area and both mesial temporal areas. The patient did not undergo subsequent evaluation with subdural electrodes. However, our current practice would be to follow such a depth electrode evaluation with implantation of subdural electrodes to further define the epileptogenic area. The lesional case with class I outcome had no localizing interictal or ictal EEG findings.
The nonlesional class I patient had complete resection of his invasive ictal and interictal focus. This included the posterior 3.5 cm of the left orbitofrontal cortex ( fig. 3 ). Histological examination revealed gliosis in the molecular layer and white matter with mild and patchy moderate gliosis in the other layers of the cortex. The lesional case had complete resection of the old posttraumatic hematoma cavity and surrounding sclerotic tissue. In the case of Chang et al. [1] , scalp EEG showed bisynchronous anterior epileptiform discharges, which at times extended over the right frontotemporal area. Invasive subdural monitoring showed the maximal ictal epileptiform activity in the right orbitofrontal area. In the case of Rougier and Loiseal [2] , interictal discharges were noted over the right frontotemporal area with ictal activity apparently being nonlocalized. Depth electrode recordings showed the maximal ictal epileptiform activity originating in the right orbitofrontal and subcallosal areas. Table 1 summarizes the results of noninvasive EEG, invasive EEG, and outcome following surgery in these 4 cases.
Seizure Semiology
Our 2 patients displayed 3 different clinical seizure manifestations. Arrest of ongoing activity or unresponsiveness was noted initially in all seizures. This was followed by oromanual automatisms in 1 of the patients. The case of Chang et al. [1] was reported to have no impairment of responsiveness and had pacing automatisms. The case of Rougier and Loiseal [2] had incomplete impairment of responsiveness and thrashing automatisms (table 2) .
Auras occurred in 2 of these 4 cases and did not seem appreciably different from cases with documented mesial temporal foci.
Smith/Sillay/Winkler/King/Loring
Discussion
The early literature on orbitofrontal epilepsy surgery does not document any cases in which resections were confined to the orbitofrontal region, and in which longterm postoperative follow-up data were available [3, 13, 14] . More recently, 2 cases with long-term seizure-free outcomes following orbitofrontal resections have been reported [1, 2] .
Lateralizing frontal epileptiform discharges were present in the interictal EEG of our seizure-free nonlesional case and lateralizing frontotemporal discharges were seen in the nonlesional cases of Chang et al. [1] and Rougier and Loiseau [2] . In the case of Chang et al. [1] , in which supraorbital electrodes were used, noninvasive recordings suggested an orbitofrontal focus. The presence of interictal focal frontal or bisynchronous frontal epileptiform discharges has been thought to suggest a possible orbitofrontal focus [2, 3] .
Noninvasive ictal recordings were nonlocalizing in our cases and in the cases of Chang et al. [1] and Rougier and Loiseal [2] . Invasive monitoring was necessary in the cases of Chang et al. [1] and Rougier and Loiseal [2] as well as in our nonlesional case. Invasive monitoring has usually been necessary in nonlesional extratemporal cases to electrographically define the epileptogenic zone [15] . It remains controversial as to whether subdural or stereotactic depth electrodes are superior for ictal localization. It is our opinion that the orbital surface of the frontal lobe can be more completely monitored with subdural grid or strip electrodes. However, when surveying both orbitofrontal surfaces in cases with limited or no localizing or lateralizing noninvasive electrographic data, we prefer stereotactic medial and lateral orbitofrontal depth electrodes inserted through a vertex approach [9] . If seizures are lateralized to one orbitofrontal region, we subsequently monitor with subdural electrodes. Since some reported cases have shown interictal frontotemporal as well as frontal epileptiform discharges [1, 2] , we would include invasive monitoring of the anterior temporal area in such cases.
Munari and Bancaud [16] reported 19 cases of seizures of orbitofrontal onset documented with depth electrode recordings in 8 patients. The electrographic seizure onset preceded clinical manifestations by 4-60 s, suggesting that the initial clinical seizure manifestations were due to activation of areas outside the orbitofrontal region. The same group suggested that auras (simple partial seizures) including flashbacks, déjà vu, fear, and taste sensations are due to early spread of electrographic activity to the operculoinsulotemporoamygdalar area [17] . In our nonlesional seizure-free case, clinical manifestations did not occur until depth electrode recordings showed bilateral orbitofrontal and anteromesial temporal electrographic spread ( fig. 2 ). This suggests that cephalic, gustatory, and déjà vu auras (simple partial seizures) are secondary to spread of seizure activity from the orbitofrontal region to the operculoinsulotemporoamygdalar area and are of limited localizing significance. The delay of unresponsiveness (complex partial seizures) until after spread of the electrographic seizure to the contralateral orbitofrontal region and both anteromesial temporal areas also supports the view that unresponsiveness and oroalimentary automatisms are initiated outside the orbitofrontal area.
The cases of Chang et al. [1] and Rougier and Loiseal [2] had invasively recorded seizures with maximal epileptiform activity confined to the orbitofrontal and immediately adjacent frontal areas. There was no impairment of awareness in the case of Chang et al. [1] and only limited impairment of awareness in the case of Rougier and Loiseal [2] . In the case of Chang et al. [1] , ipsilateral temporal subdural electrodes were present, and there did not appear to be significant spread of ictal activity to the ipsilateral temporal electrode. In our nonlesional case, which displayed alteration of awareness, there was bilateral spread of epileptiform activity before this occurred. This suggests that seizures of orbitofrontal origin without significant alteration of awareness have more limited spread of epileptiform activity.
Although seizure semiology may be helpful in localizing some seizure foci, we found no specific auras or seizure phenomena that exclusively identified the orbitofrontal area as the seizure focus. However, in our 2 seizure-free cases, complex partial seizures were characterized by unresponsiveness and oromanual automatisms. The other 2 long-term seizure-free cases we found in the literature review had seizures beginning with minimal, if any, unresponsiveness and vigorous motor automatisms. Jobst et al. [18] pointed out that focal seizures of orbitofrontal origin may resemble oroalimentary seizures of temporal lobe origin or may have explosive onsets following an aura characterized by yelling, or very vigorous motor automatisms. They characterized the latter as frontal lobe type. They reported 5 seizure-free cases (length of follow-up not stated), 2 frontal in type and 3 temporal in type. The frontal types did not have postictal amnesia.
Orbitofrontal stimulation studies have not been helpful in elucidating clinical characteristics of orbitofrontal seizures. We have stimulated 13 posterior orbitofrontal sites in 9 patients (none with orbitofrontal epilepsy) using lateral entry orbitofrontal depth electrodes ( fig. 1 ). Pa-tients reported a variety of sensations, including body tingling on 6 occasions, an ill-defined smell on 1 occasion, and a cephalic sensation, light-headedness and fuzzy vision on 1 occasion each. Psychoaffective phenomena were reported on 5 occasions. These included a spacedout or confused feeling on 4 occasions and an unpleasant feeling during right-sided mesial posterior orbitofrontal stimulation on 1 occasion. An epigastric sensation was the only induced sensation we found to be associated with any of the reported seizure-free orbitofrontal seizure cases. Munari and Bancaud [16] reported olfactory hallucinations with orbitofrontal stimulation. We observed this in one instance, but postulated that this might have been related to the activation of lateral olfactory stria, since the stimulated electrode was introduced through a vertex frontal approach into the mesial posterior orbitofrontal area [9] . Recently, a patient has undergone stimulation of the lateral and mesial posterior orbitofrontal cortex (including the ictal zone) with stereotactic depth electrodes inserted through a vertex entry. Stimulation of up to 15 mA produced no clinical phenomena, supporting the hypothesis that clinical manifestations of orbitofrontal seizures may begin outside the orbitofrontal area.
Conclusions
The following behavioral and electrographic phenomena should raise the possibility of seizures of orbitofrontal origin in nonlesional cases: (1) ictally nonlocalized noninvasive EEGs with interictal frontal or frontotemporal discharges, and (2) unresponsiveness and oroalimentary automatisms or absence of unresponsiveness and vigorous motor automatisms. In such cases, invasive monitoring will be necessary to rule in or out an orbitofrontal epileptiform focus.
